26)
; increase in wet weight (3) decrease in photosynthesis when the disease is well developed (1. 26. 29) chlorosis at mildew colony centers with redevelopmient of chlorophyll at those centers in older colonies (1) , and retention of green pigment around colonies on (letache(d or senescent leaves (10, 29, 33) . Simiilar symptoms occur in rust infected leaves (25. 29. 30, 31. 35. 36) . The processes leading to the prodiuction of these symptoms are unknown. It has been suggested that diffusible substances produce the respiratory increase (1) and the accumulation phenomena (29) , but there has been little evidence that such substances are involved.
The respiratory rates of mildewed and rusted tissues are quite high and several workers have prepared extracts of such diseased tissue in the hope of finding substances which produce large respiratory increases in healthy tissue. Gretschushnikoff (11) reporte(l respiratory stimulation by crude extracts of several varieties of rusted plants. He attributed the activity to urea andl ammonia. More recently, Millerd and Scott (14) reported that phosphate buffer extracts of mildewed barley would produce respiratory stimulation of healthy tissue. Others have used similar methods and have found no consistent differences between extracts of healthy and diseased tissues in ability to stimulate respiration of healthy tissue (8, 9) .
While respiratory increase is a symptom of many other plant diseases, only two compounds have been identified as the causative agents of such increaseethylene (5, 37) and victorin (12, 13) . Both compounds probably act as uncoupling agents and. as Allen concluded in review (2) , the alterations in metabolism of plant tissue under attack by obligate parasites do not conform to the changes produced by uncoupling agents.
Auxins and other growth promoting compounds may be responsible for the respiratory changes or other symptoms of mildewed or rusted tissues. Such compounds accumulate in large amounts in infected tissues (7, 22, 23, 28) , possibly as a result of a reduced ability to decarboxylate indole acetic acid (23, 28) . It is very likely that the growth responses which occur in some hosts in response to rust infection are mnediated in part by these accumulated growth substances. It has been suggested that the high levels of growth substances are also intiuiatelv involved in the development of symptoms other than growth (8.
28) but it is not vet clear what role is played by these
substances.
In addition to the symptoms listed above, changes of a more degenerative nature may occur when host and parasite are incompatible. Possibly both the abrupt death of cells occurring in incompatible associations and the less degenerative changes of compatible associations arise from the same kinds of processes, as suggested by Mueller for the symptoms produced by, some facultative parasites (17, 18) . However Three other races of mildew obtained from natural infections in the greenhouse were used in initial experiments. The reactions of these races to their hosts will be given when pertinent.
A barley crop was seeded every 7 to 10 days in soil composed of half silt and half compost in 24 four-inch pots. Six to ten seeds were placed in a single row across each pot to facilitate inoculation of the seedlings. Even though healthy and mildewed plants were grown in the same controlled environment room, unwanted contamination with mildew was not serious. Uninoculated seedlings ordinarily had one to three mildew colonies. 0 Spore Harvest & Inoculation: The first leaves of seedlings were usually inoculated 10 days after seeding. The spores for inoculum were gathered from plants inoculated about 15 days earlier. Secondlary colonization was abundant on such plants so that spores from both primary and secondary colonies were included in the harvest. The spores were shaken from the parent plants onto a piece of aluminum foil. These spores were then distributed onto new seedlings in a settling tower patterned after those of Bell et al. (4) . Sharp et al. (27) , and Petersen (21) . Two pots of seedlings were inoculated with each spore shower in the tower.
Infection rates in the range 0.1 to 3.2 colonies/mm2 were obtained by this method using spore charges of 2 to 100 mg. From counts of the numbers of spores per unit area which fell on slides placed next to the leaves and from the numbers of infections per unit leaf area, we estimated that 1.4 to 8.8 % of the applied spores produced infection. The higher infection rates were obtained from spores applied at low population densities. Regardless of density, the rates of infection from tower-dispersed spores were at least ten times greater than those from spores dispersed in water suspensions.
The plants were placed in the light immediately after inoculation. No special precautions were taken to maintain high humidity for newly inoculated plants.
Inoculation took place during the last hour of the light period and, as described above, the relative humidity during the ensuing 9 dark hours was about 80 %. Millerd and Scott (14) . Heavily mildewed leaves (50-200 colonies/leaf) were harvested 4 to 7 days after inoculation. The leaves were frozen and then ground in 0.05 M KH2PO4 in a Waring blender. The resulting suspensions were heated 20 minutes in boiling water and then filtered through Whatman No. 1 filter paper. Final volumes of the extracts (in ml) varied from four to ten times the original wet weight of the leaves (in g).
Leaf extracts were applied to healthy leaf tissue in several ways. In one experiment the extracts were used as the suspending medium for healthy leaf discs in Warburg flasks. In other experiments the extracts were vacuum infiltrated into leaf discs before the discs were placed in the respirometer vessels. In yet other experiments, cut ends of leaves were placed in extracts for 17 hours before the discs were cut and the respiration measured. In all cases, simultaneous measurements were made of the respiration rates of tissues treated with 0.05 i'or KHPO,.
Standard constant volume Warburg techniques were used to measure the oxygen uptake of the treated tissues. Each flask contained 3 ml of buffer or extract and fifty 5-mm leaf discs with filter paper and 0.2 ml of 20 % KOH in the center well. Oxygen uptake usually was measured over a 4 hour period. Measurements were made in the dark at a temperature of 25.0 ± 0.5 C. N Junctions Between Seedling Leaves: Barley seeds were surface sterilized by exposure to a satur-ate(l atmosphere of propylelle oxi(de fo-r 2 to 3 hours followed by a 20 minute (lip in 1 (! sodliul llhvpochlorite. The bleach treatment alone was sufficient to sterilize some batches of seed. The treated seeds were plated on nutrient agar and incul)ate(i for 4 to 5 (ds-s. The feslnon-sterile seels were discarded and t1e remainder transferre(l in pairs to sterile test tubes (25 X 200 mml) containing 5 mil Hl agland's solution (full or half strength). At 4 to 5 (lays the see(llillgs were still voung enough to be l)ullecl easily fromt the lagar plates but were tall enough to extend out of the nutrient solution without slIecial supports. Such tissue squares had heen used in a study of the respiration rates of tissues un(ler the influence of mildew colonies (6), in which it was found that the s511all tissues were relatively union jured 1y tIle cutting and handling operations whien appropriate care was taken. In the experiments reported llere, suchl excised tissues were placed oil the horizontal surfaces of detached leaves in petri (lishles. Tn sxome instances the epi(lernlis was removed froni one side of the excised tissue andl one side of the (letaclle(l leaf so that the niesophyll tissue of both could be brought into contact ( fig 3) . In other tests, the epidermis was removed only from the detached leaf: tile excised tissue square was placedl on edge with its vascular systeul in contact with the exposedl nesophyll of the detachedd leaf ( fig  2) . The detachedd leaves with superimposed tissues were incubated in the light in tile controlled environment rooll.
Spore Extracts: Extracts were prepared from spores siililar to those used for inoculum. Each spore crop (30-150 mg fr wt) was suspended in 3 to 10 nil water or 0.1 % Triton \VR-13396,. After 2 to 3 hours the washings from the spores were filtered through No. 1 filter paper. The filtrates were boiled a few minutes ancl filtered again. Some spore 6 Polymeric alkylaryl polyether alcohol, Rohm and Haas, Philadelphia, a surfactant of low toxicity. Test drops of the extracts were placed on detached leaves in moist petri dishes which were then incubated in the light. Each drop, containing about five microliters of extract, was delivered from a small calibrated dropper onto a point between the mid-rib and edge of the leaf and about midway along the length of the leaf. In initial assays the epidermis was first removed in the test area but later the drop was placed over a puncture made with the tip of a surgeon's blade. The covers were left off the petri dishes for about two hours after applying the test drops. This speeded entry of the drop as the leaf became slightly water deficient.
Results
Attention was first centered on the respiratory increase in mildewed tissues and the possibility that this symptom is produced by a soluble substance. Extracts of mildewed and healthy tissues were made by the method of Millerd and Scott (14) and tested for ability to increase the respiratory rate of healthy tissues. Seven host-parasite combinations were used involving three races of mildew. These produced the following reaction types: 4 on Atlas and Oderbrucker, 3 on Atlas, 2 on Nepal, and 1 on Black Hulless. Extracts were prepared from healthy and mildewed leaves for each combination. The extracts were applied to susceptible barley leaves (susceptible to the race of mildew from which extracts were made) by one or two of the techniques described in Methods; the respiratory rate of the treated tissue then was measured. In addition. four of the extracts were applied to the Nepal variety which was resistant (type 2 reaction) to the mildew races used in this case.
The results varied. Four of the extracts, including those assayed on the resistant variety. produced no significant respiratory alteration compared to buffer alone. The assays that did produce respiratory alterations are listed in for anv indication of an induced effect of one leaf on its partner. In pairs involving a resistant host, it was hoped necrosis might appear in the uninoculated member opposite an inoculated leaf. In combinations involving susceptible members only, it was thought that chlorosis of the type which occurs at mildew colony centers might be induced.
No symptoms occurred in Atlas in response to a mildewed opposite member. The presence of agar on the back of a mildewed leaf did not enhance the spread of chlorosis from individual colonies in that leaf or into the adjacent leaf. 5) .
Measurements of the zones showing these symptoms as well as the lengths of the mildew colonies themselves were made to learn the developmental patterns of the symptoms relative to the colony. Colony lengths and extent of starch deposition were measured on freshly harvested leaves, whereas the dimensions of green islands were taken from leaves detached 3 (lays after inoculation and incubated in the light (table III & fig 4) . Mildew 0.56 mm/day from the 2nd through the 12th days and was nearly constant. The starch areas associated with such colonies did not form until the 3rd day, when they averaged nearly 2 mm in length while colony length averaged only 0.5 mm. From the 3rd day until the 7th day the starch areas enlarged at a rate slightly faster than the rate of elongation of the mildew colonies. The starch faded on the 8th day and was absent thereafter.
Thus starch deposition occurred at an appreciable distance beyond the advancing mildew hyphae. On the 7th day after inoculation, for example, the starch areas were 2.2 mm longer than the mildew colonies. This means that on each end of the colony there was an induced effect extending 1.1 mm ahead of the hyphal front. Since the hyphae grew 0.28 mm/day from each end of the colony (half the rate of total colony elongation), the induced effects occurred at least 3 days ahead of the advancing mildew.
As indicated in figure 4 , the green islands produced around young mildew colonies on detached leaves were about the same size as the zones of starch deposition in attached leaves. Mildew development itself was not followed closely on these detached leaves, but the large size of the islands indicates this symptom occurred in tissues not yet covered by the surface hyphae. For example, 5 days after inoculation and only 2 days after detachment, the green islands were 3 mm long or about twice the length of mildew colonies on attached leaves.
The size of the green island relative to that of the mildew colony was shown indirectly by an experiment in which the mildew was removed at the time of leaf detachment (3 days after inoculation). The islands which subsequently developed averaged 2.5 mm long and did not change size significantly 2 to 6 days after removal of the hyphae. The colonies which produced these islands averaged only 0.5 mm long when they were removed from the leaves.
Such measurements indicate that green islands and starch accumulation are early symptoms of mildew development, appearing when the colony is still small and affecting tissues at an appreciable distance ahead of the advancing hyphae. These characteristics suggested that either symptom might well be utilized in the search for agents of symptom induction. We thought that green islands would provide a more practical criterion than starch accumulation since the detection of starch required sacrifice of the leaves and since starch accumulation was more transitory than the green islands around. The spore extracts themselves turned black when placed on the mesophyll of leaves. The more concentrated extracts (100 mg spores extracted per ml) became intensely black. while such extracts diluted one to ten darkened only slightly. Fxtracts incubated under similar conditions on glass plates did not blacken.
The action of spore extracts on resistant hosts was similar to their action on susceptible hosts. A single preparation containing the extract of 77 mg spores per ml was tested concurrently on two resistant varieties, Atlas 46 an-! Chevron, as well as on the susceptible Atlas used routinely in other assays. Green islands and starch deposits developed similarly on all three hosts. The action of spore extracts does not, therefore, appear to be related to the degree of compatibility between host and parasite.
A short period of washing was sufficient to remove considerable activity from the spores. One crop of spores (150 mg fr wt) was washed 20 minutes in 7.5 ml of 0.1 % WR-1339, filtered, and resuspended in an equal amount of WR-1339. The spores were filtered 16 hours later, resuspended, and kept for another 24 hours before a final filtration. Each filtrate was taken to dryness. The 20 minute wash weighed 23 mg, the 16 hour wash 23 mg. and the final 24 hour wash 9 mg. Thus 15 " of the fresh weight of the spores was lost in each of the first two washings. After being redissolved in water. all three extracts produced green islands. The materials from the last wash had the least activity while those from the 20 minute and the 16 hour washes had equally strong activity.
The spore extracts were treated in a variety of ways without appreciable loss in activity. These treatments included boiling before or after spore removal, freezing, and storage in the frozen condition for several weeks.
The green island inducing activity was not reduced by treatment with strong ion-exchange resins. Aliquots of an extract (100 mg spores extracted per ml) were mixed with one or the other of two ionexchange resins, Dowex-1 in the chloride form or Dowex 50 in the sodium form (quaternary ammonium styrene anion exchange resin & sulfonic acid styrene cation exchange resin, respectively, Dow Chemical Co.) To 0.5 ml portions of the resins was added 1/5 ml of extract. After removing the resins by filtration, the filtrates were restored to the original volume of 0.2 ml. These solutions still produced green islands, indicating that the active materials in the extracts were not charged. The anion- Table IV   MATERIALS TESTED FOR GREEN ISLAND exchange resin (lid, however, remove the light brown color of the extract.
Two preliminary chromatographic treatments of the spore extracts were carried out. Onto each of two strips of No. 1 Whatman chromatography filter paper (2.5 inches wide) were spotted 50 Al of spore extract (100 mg spores/ml). One strip was developed with water, the other with water-saturated formic acid-butanol (1) (2) (3) (4) (5) (6) (7) (8) with ascending solvent. The strips were dried, cut into five parts, and each part eluted separately. Activity in the chromatogram developed with formic acid-butanol was in the eluate from the segment including the origin, whereas the activity from the paper developed in water was from the segment of Rf 0.5. In both chromatograms the green island inducing activity was associated with a UV fluorescing spot. The activity recovered from these chromatograms was about one-tenth that in the solution originally placed on the paper, as judged from the size of the green island produced.
Since There is no direct evidence that the substances obtained from mildew spores are present and operative in mildewed tissues. The fact that excised mildewed tissues did not produce green islands on detached leaves suggests that inducing materials, if present, are not in active or mobile form. It may be that they are incorporated at specific sites in the host cells during the processes leading to symptom expression. Such a mechanism has been postulated by Thimann and Laloraya (32) to explain the localized effect of kinetin.
It is not clear why spore extracts at high concentration produced chlorosis around the green islands. It is possible that more than one type of material was acting; one producing chlorosis, the other the green island. On the other hand, both effects may be produced by the same agent since starch accumulation sometimes occurred in the regions which became chlorotic as well as in those which became green islands.
Production of chlorosis concentrically around a green central area is characteristic of the type 2 reaction of wheat to stem rust (31) . This reaction may be of the same type as that produced by high concentrations of spore extract. The possibilities in this area are yet to be explored.
From the limited information available, it appears that the green island inducing materials in mildew spore extracts are water soluble, un-ionized, nonvolatile, and stable at the temperature of boiling water.
Whether or not the chlorosis-producing materials are the same is yet to be determined. Whether or not the green island inducing materials in yeast extract or rust spore extracts have the same characteristics is likewise not known. The occurrence of similar activity in rust, yeast, and mildew extracts suggests that the active material may occur generally in fungi. Tt remains to be shown if the activity is clue to materials known to control processes in higher plants.
If it is established that mildew produces symptoms in its host by means of materials suich as those contained in mildew spore extracts, it would greatly simplify the study of host-parasite physiology. The effects of the parasite could then be simulated in part by chemical means and studied in the absence of the parasite. The development of the parasite in turn could be studied when presented with the chemically altered host. The symptom inducing materials in spore extracts warrant additional investigation.
Summary
Several methods were used to learn if diffusible substances produce any of the symptoms of mildew infection in barley leaves. The possibility that such substances are responsible for the respiratory increase in infected tissue was examined by testing the effect of phosphate buffer extracts of healthy and mildewed leaves on the respiration rate of healthy tissue. Some stimulation of respiration occurred, but activities of extracts from healthy and mildewed leaves were similar. There was no reason to assume, therefore. that the extracts altered the metabolism of the leaf in the same way as do mildew-colonies.
The investigation turned to the use of visible symptoms and a search for evidence that diffusible substances are involved in their prolduction. Pairings of leaves were made in such a way that mildewved tissues were brought into contact with healthy leaves. There were no clear indicati-ons that necrosis \We concluded that mildew hyphae may alter their hosts through the action of substances of the type containe(l in the spore extracts. More evidence is needed to establish this with certainty.
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